This paper examines the optimum conditions for edible snails Helix aspersa to be cultured indoors successfully in successive generations (originating from the crossing of snails coming from different clutches of a previous generation), and the effect of crowding on growth and reproduction in fast-, medium-, and slow-growing snails coming from the same clutches. The time needed for the snails to reach marketable size (25-32mm) varied from 2.5 to 5 months up to the 7th generation. The time needed for the snails to mature and reproduce from 4 to 7 months until the fifth generation. After the F5 x F5 generation, the final size of the snails decreased. The number of eggs did not differ statistically among the different generations but the reproductive success (how many snails reproduced/cage) increased from Fl = Fl generation onwards to F5 x F5. In F6 X F6 only three (out of 26) snails reproduced and in F7 x F7 none, although the snails remained under controlled conditions for 15 more months. Mortality in the different generations varied from 0-10% up to F5 X F5 but from F6 X F6 onwards increased and reached 25%. Concerning the origin of snails, it was found that larger snails (originating from Kyparissia, Peloponnesos) lay statistically more eggs (138.40 ± 29.60, N =5) than smaller ones (77.38 ± 40.42, N=4) (originating from Hania, island of Crete). Hatching success was greater, too.
INTRODUCTION
Of the snail species that live in the wild in Europe, about a dozen are edible and only four to five are commercialized. Of those, Helix aspersa covers 40% of the market, Helix pomatia (L.) 28%, Helix lucorum (L.) 22%, Eobania vermiculata (Miiller) 8.5% and the rest 1.5%. From the above species, heliciculture is possible, and economically profitable, only with H. aspersa in Italy (Elmslie, 1989) and France (Daguzan, 1989a) .
Snails are consumed in many countries of the European Union but mainly in France (-40000 tonnes/year) and Italy (-6000 tonnes/year) (Elmslie, 1989) Consumption is 70 times greater than current production and consequently the national stocks of countries that consume snails or process them for export (e.g. Greece), are not sufficient and some edible species have already been depleted in the wild. As a result, these countries have to import snails from countries of Eastern Europe, Turkey and S.E. Asia. If ecological considerations and legal restrictions are taken into account increasingly in the above countries, then development of heliciculture will become a real necessity in order to meet the high demands, mainly in countries of the E.U., and in order for factories, involved in snail meat processing, to survive. Since 1985, in Greece, natural stocks of edible snails have decreased due to overcollection or degradation of their habitats provoked by unsustainable development (deforestation, intensification of agriculture, fires, expansion of urban areas etc.) and other human activities. For all the above reasons, in our laboratory we tried a) to determine the optimum conditions for H. aspersa from Greece to be cultured indoors successfully, b) to find out if inbreeding problems (Albuquerque de Matos & Serra, 1984) begin under intensive culture conditions for H. aspersa in successive generations, when a generation comes from the crossing of snails originating from different clutches of a previous generation, c) knowing that growth rate is not the same in snails coming from the same clutch (Daguzan, 1982) we studied the effect of crowding on slow-, medium-, and fast growing snails from the same clutch, and d) knowing that the origin of snails plays an important role in their size at maturity (Lazaridou-Dimitriadou, Kattoulas & Staikou, 1983) , reproductive and hatching success were also studied in larger (from Kiparissia, Peloponnesos) and smaller H. aspersa (from Nauplio in Peloponnesos, and Hania from Crete) according to their morphological differences found by Lazaridou Dimitriadou, Karakousis & Staikou (1994a) .
METHODS AND MATERIALS

Experimental conditions and cages for growth and egg laying
Snails were kept in glass cages, smaller in size (16x8 X 20 cm) for growth than for reproduction (14 X 20X 40) cm). A non-toxic, moist sponge was used as a substrate for the hatchlings after comparing the size and growth rate of snails grown in the absence or presence of a substrate during the 1st generation.
The incubators were under controlled conditions of temperature, relative humidity and photoperiod. In all generations the snails were placed sequentially in:
-spring conditions (L:D 13:11. 20°C, 90%R.H.), just after hatching, to grow to marketable size (about three months in the laboratory), because the quickest growth appears in terrestrial snails in Greece during spring (Lazaridou-Dimitriadou & Kattoulas, 1991) , -summer conditions (L:D 14:10, 25°C, 30%R.H.) lasting for a week, -and then autumn conditions (L:D 11:13, 20°C, 90%R.H.) for about a month or a month and a half, during which reproduction and egglaying could take place, since the reproductive period of this species is during autumn in Greece (Lazaridou-Dimitriadou & Kattoulas, 1981) . If egglaying did not take place, then the snails were submitted again to one or more additional experimental cycles. The additional experimental cycle consisted of a week of hibernating conditions (L:D 9:15, 5°C, 30%R.H), a week of spring, and a week of summer before they were put again under autumn conditions for egglaying.
All the chosen photoperiod regimes and temperature conditions represented the mean conditions of each season in Greece. Only the days of the season during which the snails are active, were taken into consideration; for instance, spring conditions are counted as only the days from the 15th of March to the end of May, since some of the snails are still in hibernation at the beginning of March. Hibernating conditions were those tested for H. lucorum (Lazaridou-Dimitriadou & Saunders, 1986) and then tried with H. aspersa in the laboratory. However, under those conditions H. aspersa does not form an epiphragm as H. lucorum does, but only remains inactive.
Two to three replicates, and a stock, were used in each experimental series. 10 snails/cage were maintained during the first three generations. After the crowding effects experiments in the F3 X F3 generations, 20 animals/cage were used except for the F4 X F4 generation where only 14 snails were used because the incubators failed and only these snails survived.
The cages contained a piece of cuttlebone (for additional calcium carbonate) and a food container with powdered dehydrated food. A small pot with water was also added, after the hatchlings reached one month of age, because the food was dehydrated and the snails drink water (Klein-Rollais, 1988 Before the final determination of the constitution of this powdered food several experiments were conducted with foods containing different percentages of cellulose. The best results with regard to snails' growth and assimilation efficiency was obtained with the food described above (Baka, LazaridouDimitriadou & Kattoulas, 1989) .
When the snails matured, and their apertural lip began to form, pottery pots, with chipped wood of Quercus sp., were put in the cages for the snails to lay eggs. The choice of wood chips was decided following an experiment where three different substrates (soil, wood chips and moss) were tried and the results showed that wood chips were as good as soil but the eggs could be removed from the wood chips more easily than from soil (Sioula & Lazaridou-Dimitriadou, 1991) . The pots were loosely covered with a Petri dish to prevent the young hatchlings from escaping. Most clutches were transferred to special double plexiglass containers, separated by a fine plastic mesh. The bottom of these containers contained water in order to maintain the appropriate high humidity conditions (95% ±5 R.H.). The plexiglass containers were put into incubators at 12L:12D, 25°C, and the hatching took place in 6-10 days. Eggs were not washed as recommended for cultures of H. aspersa in France (Daguzan, 1989b) since no nematode parasites were found.
Fl x Fl to F7 x F7 generations and the statistical analysis of the results.
Knowing that differences exist in the size of wild H. aspersa, depending on their origin (LazaridouDimitriadou, Kattoulas & Staikou, 1983) , 30 snails from Naupactos were collected as breeding stock since they have a medium size (Diameter ± s.e. = 32.109±0.271 mm; live weight ± s.e. = 6.467 ± 0.223 g) and their genetic distance from the rest of the Greek populations studied is not significant (LazaridouDimitriadou, Karakousis & Staikou, 1994 a,b) . Snails for the first generation were chosen from hatchlings coming from 7 different clutches of those 30 snails. The next generations started from hatchlings originating from 5 different clutches of the previous generation and not from one clutch.
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In the F3 X F3 generation, having seen in the first two generations that snails from a single clutch of eggs grow at remarkably different rates concerning the increase of their D and W (15% are fast growing snails, 65% are medium-and 20% are slow-growing ones), hatchlings from 5 different clutches were put in cages fifteen days after their hatching, in the following way: 10, 20 or 30 fast-growing snails(D ± s.e.: 17.85 ± 0.58) were put in 3 different cages; 10, 20 or 30 medium-growing snails (6 ± s.e. : 11.09 ± 0.60) from the above clutches were put in 3 other cages, and the same was done for the slow-growing snails (D ± s.e. : 7.04 ± 0.43). Consequently, nine cages of the same size (2560 cm 3 ) were used, containing 180 snails in total.
In the fourth generation, as already mentioned, all the snails apart from 14 individuals were lost, so the F4 X F4 generation continued only with them and all statistical analyses were based only on those.
Two to three replicates were used for each generation except for the 3rd generation, and prior to any further statistical analysis, ANOVA tests on log transformed data were performed. No statistical differences were observed, and all the replicates were grouped together.
For the study of shell shape, the morphometric criteria of greatest shell diameter (D) and live weight (W) were used. Curvilinear analysis showed that the relation of W to D was found to be exponential in all generations. So all data were log !0 transformed prior to analysis. Consequently, in order to compare growth rate of D in relation to W, Mayrat's method (1965) a, b) was used, between a) snails grown in the absence or presence of a substrate, and b) animals of different growth rate (in the F3 x F3 generation), and among different generations.
As for the other comparisons, ANOVA tests, among the different groups, and Fisher LSD tests between them (at the level of 95%) were used with log transformed data prior to analysis.
Concerning differences in fecundity, reproductive and hatching success of snails of different origins, 30 snails from Naupactos, Kyparissia, and Hania were put for reproduction in separate glass cages, under the conditions described above.
RESULTS
Absence or presence of a substrate
The presence of a nontoxic synthetic sponge made snails grow larger and statistically heavier (t 29 = 3,968; P < 0.05), although relative growth rate of D in relation to W was the same in the presence or absence of it. The coefficients of variations in weight (W) and size (D) were respectively 6% and 4% greater in the absence of a substrate that in its presence. Time to maturity in the presence of a substrate was less than in the absence of it (92 and 107 days respectively).
Crowding effects on fast-, medium-and slowgrowing snails H. aspersa The study of crowding effects on size during the F3 X F3 generation showed that among the three experimental series (10, 20 or 30 snails/ cage), and taking into consideration snails from all growth rates at the end of 4 months period, the snails' greatest shell diameter (D) and weight (W) were statistically different (ANOVA test for D: F 2177 = 18.76, P = 0.0001, and for W: F 2177 = 30.91, P = 0.0001) and the largest and heaviest snails were those of the series with 10 snails/cage. When differences were examined with the Fisher-LSD test, between the three experimental series but within the medium-or slow-growing snails, it was found that the series with 10 snails/cage differed from the one of 30 snails/case, irrespective of their growth rate, whereas the series with 10 or 20 snails were not significantly different with respect to D and W. However, within the fast growing snails, the three experimental series differed statistically as to the snails' shell D (F 2j7 = 14.5, P = 0.0001) and W(F U7 = 18.2, P = 0.0001): the snails in the series with 10 snails/cage were the largest and heaviest. No difference was found with Fisher-LSD test between the D and W of fast-, medium-and slow-growing snails within the same series (10, 20 or 30 snails/cage).
Mortality was greater in the series with 20 and 30 snails/cage (10% and 30% respectively) than in the series with 10 snails/cage, where none died until maturity (Table 1) .
Concerning the rate of relative growth of D in relation to W, no statistical difference was found, with Mayrat's 1965a, b) method, between the snails of the three experimental series but of the same growth rate (Table 1) . The rate of relative growth of the greatest shell diameter in relation to the weight of all the snails together (slow-, medium-, and fastgrowing snails), was the same between the series of 10 (log W = 2.853 logD-3.333) and 20 snails/cage (log W = 2.8751ogD-3.348), whereas it was statistically less (P < 0.001) in the series of 30 snails/cage (log W = 2.6801ogD-3.088) ( Table 1) . Concerning reproduction, the mean number of eggs/clutch of the snails that reproduced (only 1/3 of the snails did) from the three experimental series differed statistically (F 2 , 19 = 5.371, P = 0.014). In the series of 10 snails/ 11200 cm 3 , the number of clutches/snail (0.8) and the mean number of eggs (± standard deviation/clutch (94 ± 21.5) was statistically larger (F = 0.179, P < 0.05) than in the series with 20 (0.4, 54.6 ± 25.3 respectively) or 30 (0.2, 65.6 ± 16.9 respectively) snails/11200 cm 3 (Table 2 ). Successive generations ofH. aspersa The time needed for the snails to reach marketable size (D = 25 mm) varied from 2.5 to 5 months in the different generations (Table 3) .
Comparison of the final D (greatest shell diameter) within the seven generations with ANOVA, and between them with Fisher LSD test, (Table 4) showed that they differed statistically among themselves (F W os = 15.441, P = 0.0001) but there existed no statistical difference between Fl X Fl, F2 X F2, F3 X F3 and F4 X F4, nor between F5 X F5, F6 X F6 and F7 X F7. However, the generations of the two groups (Fl to F4 and F5 to F7) differed statistically. The same results were found from the comparison of the snails' weight within the seven generations with ANOVA (F W0 5 = 16.102, P = 0.0001) and between them with Fisher LSD test. In the F3 X F3 generation the series with 10 snails/cage (Table 3) of fast, medium-, and slow-growing snails was used, for among and between comparisons although the series of 20 snails/cage could also be used since it was found that those two experimental series did not differ statistically as to their shell diameter and live weight.
The snails' weights of all generations, at the end of the fattening period, was statistically greater (P < 0.05) than that of the parental snails coming directly from the wild (Naupactos area). The greatest shell diameter, however, was statistically smaller (P < 0.05) than that of the snails from Naupactos apart from the D of ** **# ** *** SAME *** ## #* ### SAME **# *** the F4 X F4 generation snails which did not differ from that of the snails from Naupactos.
Comparison of the growth rate of the greatest shell diameter in relation to the weight between the different generations showed that the rate of growth was the same between F2-F4 and F5-F6 (Table 4) . Comparisons could not be made between F1-F3 and F5-F7 (Table 4) since from F5 onwards 20 snails were put into each cage instead of 10-14 (Table 3 ) used in the first four generations.
The time needed for the snails to mature (formation of a lip) and reproduce varied from 4 to 7 months up to the F5 generation (Table 5) . During the first three generations, one to three laboratory cycles were needed up to egglaying (Table 3) . However, from the fourth generation onwards only one cycle or none was needed (Tables 3,5 ).
The number of eggs did not differ statistically among the different generations but the reproductive success (how many snails reproduced/cage) increased from Fl X Fl generation onwards up to F5 X F5 (Table 5 ). In F6 X F6 only three individuals reproduced and in F7 X F7 none (Table 5 ) although the snails were given one or three laboratory cycles and they were kept for 15 more months under experimental conditions. Hatching success was the same. Table 5 . Mean number of eggs, fecundity, hatching success, final mean value of the largest shell diameter (D) and live weight (W) of Helix aspersa snails from F,xF, to F 7 xF 7 generations. Parental snails were from Naupaktos. The last three rows show the reproductive and hatching success, and fecundity of parental snails from Hania (Crete island), Kiparisia and Nauplio (Peloponnesos). CV = coefficient of variation. 
Generations
Origin of snails in relation to reproductive success
Concerning the origin of snails, it was found that larger snails from Kyparissia (Peloponnesos) (136.6 ± 35.2, N = 5) and Nauplio (108.8 ± 28.4, N = 11) lay statistically (F 2 , 17 = 4.2, P < 0.05) more eggs than smaller snails from Hania (71.0 ± 46.1, N = 4). Similarly, hatching success was higher in snails from Kyparissia and Nauplio and statistically lower in snails from Hania (F 217 = 4.23, P < 0.05) ( Table 5 ).
DISCUSSION
The fact that the final greatest shell diameter and the weight were greater in the presence of a non-toxic substrate may be connected to better relative humidity conditions maintained in the cages as it is well known that most helicids show an optimum water content under specific humidity conditions (Lazaridou Dimitriadou & Daguzan, 1978; Charrier & Daguzan, 1980; Klein-Rollais & Daguzan, 1990) . Greater variability in the absence of a substrate was probably due to the smaller and more fragile snails (there are great individual differences among hatchlings, coming even from the same clutch) not managing to cope as well.
The experiments of crowding effects showed that density reduced final adult shell size, and provoked a greater mortality rate irrespective of the growth rate of snails. The same results were also found by other authors (Williamson, Cameron & Carter, 1976; LazaridouDimitriadou & Daguzan, 1981; Dan & Bailey, 1982; Cowie & Cain, 1983; Staikou & LazaridouDimitriadou, 1989) . High density affected reproduction and made the snails lay fewer eggs per clutch as noted for Theba pisana by Lazaridou-Dimitriadou & Daguzan (1981) , and by Daguzan & Verly (1989) for H. aspersa. Fast-growing snails in low densities give the best and quickest growth. However, differences of growth rate disappear when fast-, mediumand slow-growing snails are grown in separate cages but in the same density conditions.
Under intensive culture conditions, snails reached marketable size in 4 to 5 months, depending on the generation they were coming from, instead of 18 months needed in nature (Lazaridou-Dimitriadou & Kattoulas, 1981) , probably because the experimental conditions (relative humidity, temperature and food quality) were more favourable than in nature. The same result was observed even when H. aspersa grew under controlled conditions but in non-24-hour light cycles (Lazaridou-Dimitriadou & Bailey 1991). Continuous growth observed during "spring conditions" in all generations is related to the fact that most terrestrial snails show a faster growth rate during spring in nature (Hatziioannou et al., 1989; Staikou et al., 1988; Lazaridou-Dimitriadou & Kattoulas, 1991) . Consequently, a farmer can get 2 to 3 generations per year instead of one per 2 years in nature (Lazaridou-Dimitriadou & Kattoulas, 1981) .
The acquisition of statistically greater final weights in all generations up to the F4 X F4 than those of the parental snails (coming directly from Naupactos) is presumably due to the fact that food was continuously of good quality, and relative humidity conditions were continuously favourable for activity and feeding. The final greatest shell diameter (D) of the different generations was smaller than that of the parental snails was due to two factors: no selection was made at the beginning of each experiment, and the final D was measured at the end of 4-5 month period when the snails were mature (start of lip formation), although snails could grow more, if they were left for a longer period under controlled conditions. However, in the F4 X F4 generation, where a sort of obligatory selection took place, only 14 snails survived, the largest ones, that gave the F5 X F5 generation, the final D of the F4 X F4 snails was the same as the one of the snails coming from Naupactos. Differences in growth due to selection were also found by Daguzan (1982) . This fact implies that if a culture starts with fast-growing snails, the final D should be larger, according to the results of the F3 x F3 generation although density plays a most important role on size.
The Fl X Fl generation snails matured earlier (in 4 months), without being put under hibernation conditions as most of the snails of the rest of the generations did. From the first generation onwards, the snails were subjected to one, two or three laboratory cycles. However, if the snails reached their final D in a longer period of time, as happened with the F5 X F5 generation (Table 3) , they layed their eggs without passing under winter conditions, although Gomot & Gomot (1989) claim that hibernation and low temperatures help the initiation of spermatogenesis. Out results concerning hibernation and maturation of sperm agree with the results of Daguzan & Bonnet (1987) .
No mortality was observed after hibernation, although snails were not put under hibernation conditions progressively, as is proposed for the cultures in France (Daguzan, 1989b ). Higher mortality is probably observed in France because the snails are left to hibernate for a period of 3 months before reproduction. Moreover, the fecundity coefficient found by the latter author is as good as the one found by us although we applied only one week of hibernating conditions.
Growth rate of D in relation to W varied between the different generations, being highest in the Fl x Fl generation (P < 0.05) and lowest in the F3 X F3 (Table 4) which was the only one that required 3 laboratory cycles in order to reproduce ( Table 3) , showing that snails of F3 X F3 generation spent more time in their reproductive investment.
Inbreeding problems seem to play an important role on the final greatest shell diameter, weight, maturity, fecundity and mortality. The final greatest shell diameter decreased statistically after F4 X F4 generation, and was smallest in the F5 X F5 generation (D ± s.e.: 24.98 ± 0.63). H. aspersa snails in Greece did not show any sterility problems after F3 x F3 generation as Albuquerque de Matos & Serra (1984) stated, probably because during our experiments all generations did not start from the same clutch but from 5 different ones. However, in F3 X F3 generation 3 laboratory cycles were needed, for the first time in order for the snails to mature and lay eggs successfully, and these snails showed the lowest growth rate of D in relation to W.
